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(54) vmnzm mm^mm^nmrnrntit^comt^ 



(57) imm 

ifflt^m *%w<ommi, c : 0.01-0.10%. si : 

0.30%ITF. Mn : 1.00-2.50%, S : 0.005%WT. P : 
0.010%OT. Nb : 0.005-0.06%. Ti : 0.004-0.025 
%. sol.Al : 0.05%WT. N : 0.0050%£TF. 0 : 0.003 
%JTF, Cu : 0-1.5%. Ni : 0-2.5%. Mo : 0-0.80 
%. Cr : 0-1.0%. V: 0-0.1%. Zr : 0-0.03%, Ca : 
0—0.0030%. B: 0-0. 002% £ if 5t Ta=50N+C+ 
0.3Si+10(P+0) j "C£»S<tSA«jW).44JaT. 5* r B 
= (50N+C+10O)/(4Nb+10Ti+2sol.Al) j Z'jmZtl 



cis^jsi ] tt&itoiw* nm.%x\ c-.o. o 1- 

O. 1 0%. S i : O. 3 0%OT. Mn : 1 . 0 0- 
2. 5 0%. P : 0. 0 1 0%WT. S : 0. 0 0 5% 
WT, Nb : 0. 0 0 5-0. 0 6%, Ti : 0. 0 0 
4-0. 0 2 5%, sol. Al : 0. 0 5%OT, 
N : 0 . 0 0 5 0%W7. O (ffiS) : 0 . 0 0 3%W 
T. Cu: 0-1. 5%, N i : 0-2. 5%. Mo : 
A=50N + C+0.3Si+10(P+O) 
B = (50N + C +10O)/(4Nb+10Ti 

zzx\ (i) i£t(2) tt<7)7tmi^mwz^zix& 
umm3] MM%X\ C : o. o 1-0. 1 o%, s 

i : 0. 3 0%OT. Mn : 1. 0 0-2. 5 0%. 
P : 0 . 0 1 0%^T. S : 0 . 0 0 5%iTF, N b : 

0. 0 0 5-0. 0 6%. Ti : 0. 0 0 4-0. 0 2 
5%, s o 1 . A 1 : 0. 0 5%JTF, N : 0. 005 
0%OT. 0(1§S) : 0. 0 0 3%iiTF, Cu : 0- 

1. 5%. N i : 0-2. 5%. Mo : 0-0. 8 0 

A=50N + C+0.3Si+10(P + O) 
B = (50N + C +10O)/(4Nb+10Ti 
ZZX\ (1) itt(2) 3H'pC07rmiimmWz-££ix2> 

h h mm.mmmizmitzimmmm<g. 
hwsbs ] mx^zimnimimm. 6 o o-c 
m^mmx-mmzmL. %^%%b*tum%: 
m^tm&mmmzmitzimm®wmcr>mk 

[0 0 0 1] 

iftwomtmmm 3mm&6 oo 

MPaJiLL, L<ii7 6OMPalil±C0WS^.B^ 

mtizmit: ^m^mizm l , x <o m i < 

mmmmwmi-z<r)izmtxim%mtt (mm. m 
<g. mm. mmtcz) tz<nwm%mzmtz>. 

[0002] 

?4 ylz&^X. mm?Ahcr ) {&ffli : g&m%--XX- 

h*). mKx^mzxmimmn&mwwtz 

h. la>u z^mt. mmxmmmxmma&r 
Zitm. mm^conmimnizxhmj.mm^T^± 

[0003] ztuzftb. y^yfur^mmnw.^ 
»b lt mvmxmmt i ~-xm t x a 
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0-0. 80%, Cr : 0-1. 0%. V: 0-0. 1 
%, Zr : 0-0. 0 3%. Ca : 0-0. 00 3 0 
%. B : 0-0. 0 0 2%£3v^ £»'H«WfcFe 
X\ TIB<7)(1) ^.X'^M^tlhhWfO. 4 4HT, 

(2) 3x-imzti&umn. s^mmt^**) , 31 

5S5$$#6 0 0 M P aJiUiT'J)l»»MAB#SI)#tt(cgix 

a) 

+2sol.Al) • • • • (2) 

%, Cr : 0-1. 0%, V : 0-0. 1%. Zr : 0 
-0. 0 3%. Ca : 0-0. 0 0 30%, B : 0- 

o. oo2%£#^, mmmmmzFex*. tm<d 

(1) 5U'£ji§ft.&Affi#'0. 4 4OT, (2) JUXfem 
$ix5Bffl*n. 6JiTF£>$i£, 9 5 0-1 2 0 0*C(c 
MM*, »ffE3££fcC:3roTtt±?flg8 5 0-6 5 0 
TZXEMZmt. 5 0 0^£TII]£>&t««^3 

o 0'cmcnm.^x^c/mxhco^ms.xtm 

&3I3SS£§ 6 0 0MP afel±<7)»^^$tttc 

(1) 

+2sol.Al) • • • • (2) 

0, Sift, API (*H5?ftffi*) Cfcl^X8 0/l/ 
— H (5l5g^$6 2 0MPalil±) mtfm&fcZtl. % 
mz^KX%tz. 

[00 04] ftM^7^AMr|fftU 
12, ^W¥8-1 99 2 9 2-t^|gfeJ:^|5]8-26 9 
5 4 6-*H»*£ft£±3fc, Mn-£W*£i§S#>(cf£ 
£U:X1 0 (5155^5 7 6 OMPaliLh) 

[0005] U>U y^M7°<7)±^fS)l>UOE 

m izmzti&*.®m %M>g*?E Rwmmzitm 
n i w&nmtmmt . m^mm^m^^mw 

M&T. ttcbib^mmxX'tiZ^hti. v^ajnl 
W.W£.tlt:fr. *tt^iH«tfttttg^»S (M) *» 

[ 0 0 0 6 ] ^^jDXtflt-t^it : 5rV^«ttjv% 

Ti>, mm*$imtmt,z±t imw.fr. awm^ 
mt i xmmmm s ti& uz^tim^ t'^m.^ 

[ 0 0 0 7 ] c: o IKWM*. 5 xar^h^WfrM. 
X'hhtK WAstMtttfZ t>lz%Mffl&®ZtiZ>t%-&lz 

ti, m.mmzihmm^mz^m-h<m^hh . 
[ o o o 8 ] w&mni. Mtttfm&Tx-mffi 

mZiiZz\bfc£^x>k-fltf. a-T-O-ZHm* 
k'nfztblzmm* 1 0 0-250 •CCjDfi^ tih z t iZ 

x^xmth. 

[ooo9] Wfrtifflizxmmgm. Bimastf 
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3 9 2 MP a £[±^4 90MP afiUJtotefcft>fe£ffl 
$ tlX V 1 4 Mft K tJ V vc i £> I. SlS£-f 4 £ i (itt 6*1 

[00 10] £*lfc#fU ?IK3fe3#6 2 0MPafeU: 

Lfe x 8 o ?v- mmxt^mmm^za \ ^T 

%Zcr)tm.mTt3fX'li%< . 3B6ti»B*o-tttttto 
4. 

[0011] L*>U Hftfc, inffltiffiUm 

{jtw, sit. #tHwiaflHfe^T*-4fc*>. s 

[0012] 3I5S3£§ 6 0 0 M P aJil_hO 

tmitmfflttx\ m^M.3%co^mmxm, 2 5o*cc 

itmicD%iktf*k ttzt mm it: . wc, -mm/ 

tLXffy^&zwjo^&mtk'otz. ifrtztf 
;aufc3Bs««iK)iBBUc«u i«M^B«a#tt& 

|fiLL£tfTf»3tflWf4i: LTO££tt£;ii;/>4i$ffil2:, 
[00 13] 

[f£BJWfl?$L J: o bt m&] *ffllli. TIE?) J: 3 

zmmzmx-x* ztitzi><?)X\ znsmi. ^m&z 

#6 0 0MPaJ2Lt, #4L<{i7 6 0MPaJ3UiCOH 
ffi»^Wttfc»«SB^t:flWifc«5R^(Wf, <t Oft 

ttt/*^M^B*^»f)^-«W*O0. 4 5fgfc[ 
±. iOiff* L<(±0. 6fe&±b^i£i%m*t!ffi 

mmz&^xi>mijztoxmtm^tmmm*i[? 
%mmzRmtLtf;%iimttb znmmmzm&-ti 

£ b Iz $) 4 . 
[00 14] 

£jij£-$-4Jt#>fc, 3l3g3£$#6 0 0MPaJJUL M£ 

L<{i760MP aa±mmmmmm^»^m^ 

U m«mtZ'tx &TcoibZ$aM.Uz. 

( a ) mwtfflcow&nimb+ch n t co*ti. 

ilf!S5MaHt0S*i^»*flBi-rs s i . PtsXVO 
( t»R ) ^Wfi Srffll® , ft«sfi<Jfc(±5e r A = 5 0 N + 
C + 0 . 3 S i + 1 0 (P + O) (ZZX\ #7C*IE-f 
li<B*£**;hft#7aR<0*#* (»*%) 

A=50N + C+0.3Si+10(P + O) 



4) j T£SiSit4Affi*«0. 4 4^^=5:4 J: 3 1# 

(b) Nb, TifeJtfA Hi, 3l3S5$S6 0 0MPa 

Ls b fcN b , T i , A 1 c7)37c«S-^M^i: 
IXmu-f&bbhlZ, it r B = (50N+C+1 0 
O) / (4Nb+10Ti+2so 1 . Al ) (ZZ\ 

x\ &7i^^mwzit*ti&&ftm0>isGM. («* 

%) j Tjai8ii«B«*»l . 6WTfc=5r 

ttitf, ^aflttttSRtttfffiTU S*»8»(cJ:*3Mfc 

(c ) -eut, imtzmt&Mmzti^xiMinmift 
zmtztm&zit. mm&b®itmsizi:<7)®m&<7)® 

w*<?) 0.45 m&± b^o &tiMaxmm& t a 
tfi: ixm^xim%MmzRmtim i &jmmm 

Vi<r>m* 950-120 o'a,ztmk. tt±ass 5 0 

~6 5 0iCTS»BIffiiSri»7L. 5 0 O'CSrTIU^^V^ 

las^*^ 3 o o-cjaTt* "T4ic/»ja±«»waaa 
•cipii^ai-ri. z b t j: o , jjb 3 x^m^mmmm 
<?>~mwmmfrm®wmm~m{wm<7) o . 6 fg 

[0015] ±IBcO»fttca^^T^$*7t*^<7) 
5?&tt. TIE ( 1 ) . ( 2 ) OB2*mM*ttKflfcMfe 
ft^SIHtt. TIB ( 3 ) O*5M0B«WilJft*a. TIE 

( 4 ) <0WS»^^ttt^fcJS3i«^« < fftJ ilX 

tib ( 5 ) cDM^mmm^mm^mzhi . 

( 1 ) W/oX\ c : o . 0 1-0. 10 

%. Si : 0. 3 0%£TF, Mn : 1. 0 0-2. 5 0 
%. P : 0 . 0 1 0%JST. S : 0 . 0 0 5 N 
b : 0. 0 0 5-0. 0 6%, Ti : 0. 0 0 4 — 0. 
0 2 5%. sol. A 1 : 0. 0 5%&T. N : 0. 0 
0 5 0%JilT, 0(K*) : 0. 0 0 3%JilT. Cu : 0 
— 1. 5%. Ni : 0-2. 5%, Mo : 0-0. 80 
%, Cr : 0-1 . 0%, V : 0-0. 1%, Zr : 0 
-0. 0 3%, Ca : 0-0. 0 03 0%, B : 0- 
0.002 HSSWStaiWfcF e T. TIE^O 

(1) jSX'femZil&AmtfO. 4 4lilT. (2) ^T'glS 
ZtlZBmi. 6JMTco«3*^*D. ?I3S3®$*>60 

o m p a tub-c* &m&*.#m®mzi&tiKft&im 

[00 1 6] 

(i) 
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B = (50NH-C+10O)/(4Nb + 10Ti 
ZZX\ (1) (2) *+<07C3RE^««I«f(C*4*lS 

( 2 ) $?8#\ mmx'bi±.iz ( i > icettaffifcxii 

8. 

(3) «fi%T\ C : 0. 0 1-0. 1 0%. S i : 
0. 3 0%OT, Mn : 1. 0 0-2. 5 0%, P : 
0.01 0%m\ S : 0 . 00 5%&T. N b : 0 . 
0 0 5-0. 06%. Ti : 0. 004-0. 025 
%, sol. A 1 : 0. 0 5%kTF. N : 0. 00 50 

%wt, o(mm) ■. o. oo3%wt, cu : o~i. 

5%. Ni : 0-2. 5%. Mo : 0-0. 80%. C 
A=50N + C+0.3Si+10(P+O) 
B = (50N + C + 10O)/(4Nb+10Ti 

ZZX\ (1) «fc(2) ^^7^9tt«l+tC#i*l* 

( 4 ) ft8»#, ±Mi ( 2 ) fc:iBtt«*5li«WRf»4 

( 5 ) ±ie ( 2 ) (cga<K^«ai»MK^, 6 o o°citf 
m. 

[00 18] 

[ o o 1 9 3 a-r , w^ft^ffljatov^Tiaws . 

[00 20] C : 0. 0 1-0. 1 0% 

en, mnqa&zm&tzmiT'ttZitztK o. 

0 1 %*«T11KAtt#^£-C3l5I3£$ 6 0 0 MP 
#, 0. 1 0%£fi*T£*S-£4fc, #80«H£J3«J: 

C^fflliO. 0 1-0. 1 0%iUc. IF&U*Bi 
{±0. 0 1-0. 0 6%T*i>S. 
[002 1 ] Si : 0. 3 0%tlT 

s ii±, mmt ixmxmaztittf. 

0. 3 0%^SxStS8fci^^«SPtt<0iatt 
fflH^kfc fffi^^WtttftTT 
ft, i-jT. Si£W*i0. 3 0%WTfcL3t. #i 
UvLIWiO. 1 5%. J:9#lfcUvLIH10. 10% 

[0022] Mn : 1. 00-2. 50% 

jJD-^Si*- !>*>'. 1. 0 0%*}Wfli, Hr 

MO&g£51ffitl>-k#Eirai>. -#,2.5 0 
%^Si.-C^W?€fti:. f^fcitf t>fc 
BttfiT*fB<. iot. Mn«ftfttil. 0 0-2. 



+2sol.Al) • • • • (2) 

r : 0-1 . 0%, V : 0-0. 1%, Z r : 0-0. 
0 3%, Ca : 0-0. 00 30%, B : 0-0. 0 0 
2 , B***£KWtc F e 9 , T1W>(1) 

3«i-c3e«s*iiA«*to. 4 4WT, (2) ftximzti 

4Btti«l. 6J2l"ROfl£, 9 5 0-1 2 0 0°O:M* 
ft. ^,H£E®5:*3^^o-Ctt±SJK8 5 0-6 5 0'CT' 
JEBf £I§7L, SOOXJfcTEl&SrvyfflKWa^SOO 

ti»?i5i3s$6ooMP a vxtcommfrmjimizmti 

[0017] 

(1) 

+2sol.Al) • • • • (2) 

5 0%tt7t. ®m<o®m®±zitzm&fr 

leBlll. 0 0-1. 90%, i"5»4U^KB»41. 
0 0-1. 70%Th&. 
[0023] P : 0. 0 10%JaT 

**llftltftlf ftv t° X i jiK^rffitttt 

#£ts< £ k fc , o . oi o%£x*X'htitfmzmm% 

±BWi0. 0 0 5%Tftl,. 
[0024] S : 0. 00 5%WT 

s ti , ±ieco p t mmcoTMwmxh o , <t # 
^<7)?m^^a5oft?a«tt o £«t£ < , mm 

ttSrifiTS-fr*. Wot, S^JTJHi, ±fBOP 
' tlBIfilt, ftfWllfftv^Jfc'J:^**, j&gftftMllrix 
h±#M<Ci:k, 0. 0 0 5%4-CT*Wf1*t|Sl 
HfcvVI *cr>±MZ0. 005%fcL£. fti 

U\JJR(iO. 0 0 2%?**. 
[0025] Nb : 0. 005-0. 06% 

mz\fi±.zittf3ix~%<. mm.^mmmz^mtcit 
Kt&isLxztihnyzm&'M.it^. mm 

mtfo . o o 5%&ffixumii<7)%)mmt>tL-f , a»t 

0 . 0 6%£S;iT-&W$-£Sfc#8<9^tt£8lfr3 
TS**. Nb#W*{10. 005-0. 06 

%tt?t. ffiu«mio. oo5-o. 03%, i 

0#iU^«H{10. 0 0 5-0. 0 2%T'*ft„ 
[0026] Ti : 0. 004-0. 025% 

Till, mm*mmmzGm%7m<nc, Nt&si 
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o . 004 %*«tiiHfiie<o^«*<# , mz 
o. o 2 5%zm ix ttZit&tmwmmmzm 
& o turn < , is»tt*j i vtmi t, *»i o -cfiTS 

■£!>. ioT, Ti-£-3f»40. 004-0. 025% 
kLfc. U^EHJiO. 0 0 4-0. 0 15%X'h 
&. 

[0027] sol. Al : 0. 0 5%OT 

a i «\ l»Jk LTSanSfua** MS*tt#Wtt£ 

m®&coft±Mmmmi<7)s o 1 . a 1 ^r*Ti# 

* fO^mtiO. 0 0 2%tt±CDs o 1 . A 1 
*#*-CK*K3r3. L*»U ^t»'so 1 . A 
1 £**C0 . 0 5%£jg;t & k , »»»<0lJtt***fl; 

T^S. i->T. sol. A lftftlttO . 0 5%&T 
kU:. *?2UvM(40. 0 3%-CfcS. 
[0 0 28] N : 0. 00 5 0%WT 

0. 0. 00 5 0%£|3;tl>k. ##&J: 

«o»«fa«?3fflttfiT*^ l<%& tmx-% < . fto 
nm^mswimmmm tx tm^mmmm 

mmhiXtc<ts:h. X-oX. N^SiteO. 0 0 50 

L<, #*U>±RBtt0. 0030%?*$. 
[0 0 2 9] O (MM) : 0. 0 0 3%tlT 

ott. imoNtmmz. mm^mmmzmxm 

KcW&fcxXTi) 0 , W4#0 .003 %£jg;i 
Sk, #ttfeJ:lX*0»«fS«)tMtfiT*^FL<*6« 

£W£*B*S^j^6*vSr<$:S. lot, 

(40. 0 0 3%WTkU:. frti, OfcWMttffiWUf 

fiV^Jfc-aS L<. #*UvJJKiO. 0020%. X 

9tf*U\JdRttO. 00 1 5%T'S>1>. 

[0030] OT«#7C*«aL^<tJ:^A\ TIB 

zt%<. mmxmmmm^mm. mttsxv 

[ 0 0 3 1 ] C u : Culi. «L\tt«r|flLL$tf. igfttt 

U 1. 5%2rS^Tir*$-li-|>t, #tf*Jj:V-f-co* 

4(40. 1-1. 5%k-fl>?)#J:v\ 
[ 0 0 3 2 ] N i : N i (4, A%!£fl«>ftfti9tt. lift 



*<0SMWi0. 2 0%J2LbO*#*'CS»fc:fc4. I* 1 
U 2. 5%£j8;irair3-£*k. &Xtl-fmi>& 

S>WSTt £<0fc*>, gjdHTf &i§£<9N 

i-MTJHiO. 20-2. 5%k-n><WJ:l\ 
[0033] Cr : Cr(4. ttAttfcfliStf* k k t 

«TiHflc46. L*>U 1. 0%S:®xT^§^ 

sk. mttaxt/^mm^comt 
Srjg&a. ro^y>, aanrr**^<ocr^*-juio. 

1 0-1 . OXk-tS<o*«J:vn 

[0034] Mo : Mo(4. mA&£fo±Zith k k h 

n b k ^a^wt(4fi^coM^^{S)t-ri» k mm 
iwM*tttrt±8**#jBtr*L. zmmto. 10 

XEUiO^^rJlTflaK**. L* 3 L, 0. 8 0%£jg 
xT#fl-$-li:i.k. »X£iBlS{cSK>. #Wfcctt/-eo 

-^«{40. 10-0. 8 0%k-Tl.cO^J;V^ 
[ 0 0 3 5 ] V : V«. MAtt^(6]±§it. ^SfeJ:^ 

«JM(40. 0 0 5%lXkco-irW4-C^l : {c^l>. LA 1 

iSJirf**'&ov*ifr»io. 005-0. i%k-fl. 

[ 0 0 3 6 ] C a : C a{±, «+<0^ffilil«0}89R&#J» 

ft. WS*"«!^K«»=SOT»S:3c5e'ftLrifS*B* 
M#14$:i>f6]±§-<i:l)#ffl$r^L. ^-OSWRIiO. 0 0 
OS^^Jt-CWHC**. L*^L S 0. 00 30% 

zMixttzv&k. mcommmTi. max 
vz<?>®tmco®fttfi&T-fz>mix*%< , mmmm 

140. 0005-0. OOSOXki-lOtfXlK 
[0037]Zr:Zri4. M4>0^£Hl^BIB»Mfl 

ft. ws*nfi»»ttc**«OT**3cjefl:Lrws*ii* 

SM9tt*l<d±S-li:6^fflS«>*U, -eo$)3ll40. 0 0 
5%ff)^m.XWm^j:h. L*>L. 0. 0 3%*i@i 

0 0 5-0. 0 3%k-r^>«7)* i J;V\ 
[0 038] B : B(4. £Utt£r6]Jh£-ti\ ?SSfcJ:tX 
iMtilfiliS-ti-Sffffl^L, *WS6*{i0. 0 00 3 
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%J3Lhf5*WC^t=flr4. LA»U 0. 0 0 3%£ 

**ft(±0. 000 3-0. 0 0 3% tthffiifiiW 
[0039] C, Si, P. Nb, Ti, Al, Nisi 

WC, TIE<0(1) STSaSflSAffitfO. 441UT. 

(2) ST£ii$ft&Bffi*U. 6OTi&&#£:lT& 
A=50N + C+0.3Si+10(P + O) 
B = (50N + C+10O)/(4Nb+10Ti 

££T\ (1) Si: (2) 5S+a7£JR£*tt«M»fc:*a*i4 

[ 0 0 4 1 3 mz. WKFifefcov^RW*. 
[00423 $&M<0MhflK : MM* 5 1 2 0 0*C 

T'(± g 6<J fc -fh 6 0 0 M P a £UiO§ 13131 £ LT 

J£{±9 5 0~1 2 0 0*Cfc-fl><Wa2U\ 
[004 33 &f§!E®<7)tt±;fij£ : B£tt±7S£* 5 8 5 
0°C£j@;tSt. tt±lfJBEg«B^fc*& (E&MA 
ft) LfciLTfc. Bfai/)ffiia«tt*3cSLT«ft-tS 
£i:#l£L<ft6. 6 5 0iC*StTH;BWfc-rs 
6 0 0 MP ajyjbogiBBftS Sr3cJeLTW«-t*i 
It t < & 5 . £ Ofc*> . S^JBE*>ttl:aU»± 6 5 0- 
8 5 0°Ctt&«WS2 U\ U*ttEflli7 0 0~ 
8 0 0°CTA&. 

[ 0 0 4 4 3 (M#iP ) IS&ffiJg : mmAti&f 
O^MttiB** 4 500'CSrTllll.fc, EEgtthiBSfl* 
8 5 0-650 'COSgHTA o T i , &#*3I«*» <kl>' 

(saattisjg tTW»-ti. £ t *« t <«to 

<0fctf>. *&MteffiJ£t2 5 0 CCJSLhi: -TSoaV)2a 

[00453 M&aajg : ^^ES^(ojDa^in(i, 
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